Parasitism is a life strategy that has repeatedly evolved within the 18 Florideophyceae. Historically, the terms adelphoparasite and alloparasite have been used 19 to distinguish parasites based on the relative phylogenetic relationship of host and 20 parasite. However, analyses using molecular phylogenetics indicate that nearly all red 21 algal parasites infect within their taxonomic family, and a range of relationships exist 22 between host and parasite. To date, all investigated adelphoparasites have lost their 23 plastid, and instead, incorporate a host derived plastid when packaging spores. In 24 contrast, a highly reduced plastid lacking photosynthesis genes was sequenced from the 25 alloparasite Choreocolax polysiphoniae. Here we present the complete Harveyella 26 mirabilis plastid genome, which has also lost genes involved in photosynthesis, and a 27 partial plastid genome from Leachiella pacifica. The H. mirabilis plastid shares more 28 synteny with free-living red algal plastids than that of C. polysiphoniae. Phylogenetic 29 analysis demonstrates that C. polysiphoniae, H. mirabilis, and L. pacifica form a robustly 30 supported clade of parasites, which retain their own plastid genomes, within the 31 Rhodomelaceae. We therefore transfer all three genera from the exclusively parasitic 32 family, Choreocolacaceae, to the Rhodomelaceae. Additionally, we recommend applying 33 the terms archaeplastic parasites (formerly alloparasites), and neoplastic parasites 34 (formerly adelphoparasites) to distinguish red algal parasites using a biological 35 framework rather than taxonomic affiliation with their hosts. 36 37
6 supported previous morphological observations (Fredericq and Hommersand 1990) 88 confirming that Holmsella was a member of the Gracilariaceae and questioned the 89 legitimacy of recognizing a family of red algal parasites. However, Zuccarello et al. 90 (2004) did not formally address the taxonomic implications for the Choreocolacaceae. 91
In the few other cases where molecular phylogenetics have been applied to assess 92 evolutionary histories of red algal parasites, data suggests that red algal parasites have 93 arisen though numerous independent evolutionary events (Goff et al. 1996 , 1997 , 94 Kurihara et al. 2010 ). In addition to phylogenetic analyses, molecular tools have also 95 been applied to investigate the parasite-host dynamics throughout parasite development. 96
Analyses of the adelphoparasites Gardneriella tuberifera Kylin, Gracilariophila 97 oryzoides Setchell & H. L. Wilson demonstrated that, although the parasites maintain a 98 (specimen 03304646) and Odonthalia washingtoniensis (specimen 03304647) have been 133 deposited at the New York Botanical Garden herbarium (NY). Parasite tissue was hand-134 ground using a Corning Axygen® PES-15-B-SI disposable tissue grinder pestle in a 1.5 135 mL microcentrifuge tube while submerged in 100µL of DNA extraction buffer (Saunders 136 1993) . DNA was extracted from specimens using a standard phenol/chloroform 137 extraction with all ratios adjusted for an initial buffer volume of 100µL (Saunders 1993) . for Leachiella pacifica. Raw sequencing reads with Phred scores <30 were removed and 149 the remaining reads were trimmed of adapter sequences. Additionally, fifteen 5' and five 150 3' nucleotides were trimmed from the remaining reads and all reads under 100 151 nucleotides were removed from the dataset. All trimming was completed using CLC 152 Genomics Workbench v. 9.5.2 (CLC Bio-Qiagen, Aarhus, Denmark) and the remaining 153 reads were assembled using default parameters in CLC Genomics Workbench v. 9.5.2. 154 from the assembled Illumina MiSeq data (GenBank Accession MK039118). We 158 recovered >40,000 bp of the Leachiella pacifica plastid genome that were in five separate 159 contigs (GenBank Accession MK039114-MK039117, MK039119). Open reading frame 160 (ORF) prediction on the plastid genomes was done in Geneious Pro v. 9.1.5 and the 161 resulting ORFs were manually annotated using GenBank and Pfam (Finn et al. 2010 preformed. Each run was sampled every 500 generations for 2,000,000 207 generations. After confirming the runs converged by checking to ensure that the average 208 standard deviation of split frequencies was below 0.01, the trees were merged. The 209 resulting tree and posterior probabilities were calculated from the 8,002 trees generated. differentiating two types of red algal parasites. However, differences between two groups 338 of parasites remain, including their developmental patterns as they infect their hosts, and the origins of organelles (Table 2) . We believe that it is time to abandon the terms 340 adelpho-and alloparasite, which are based upon a taxonomic framework that is different 341 today than it was when these terms were introduced. Instead we propose to distinguish 342 red algal parasites by biological characteristics that can be easily tested using molecular 343 techniques, the retention of a native plastid. Throughout the remainder of this manuscript 344 we will use the term "archaeplastic" parasite to refer to those parasites that retain a native 345 plastid (formerly most alloparasites), and "neoplastic" parasite to discuss those that hijack 346 a host plastid rather than retain their own copy (formerly adelphoparasites). connections (Goff and Coleman 1984 , 1985 , 1987a , Goff and Zuccarello 1994 .
In addition to recognizing the role of secondary pit connections in the infection 362 process, sophisticated microscopy advanced our understanding of how parasitic red algae 363 spread throughout their hosts and characterized the host responses. In a groundbreaking 364 series of manuscripts, Goff described in great detail the biology of Harveyella mirabilis 365 (Reinsch) F. Schmitz et Reinke, including its development, structure, and nutrient 366 acquisition from its host Odonthalia flocossa (Esper) Falkenberg (Goff and Cole 1973 , 367 1975 , 1976a , 1976b , Goff 1976 , 1979a , 1979b polysiphoniae plastid has experienced extensive genome reorganization ( Figs. 3 & 4) . 420
Developmental differences are notable, including the location of parasite DNA 421 replication and mechanism of spreading throughout the host, but plastid origin appears to 422 be central to differences observed in red algal parasite evolution. We hypothesize that the 423 observed developmental differences between the traditionally termed adelpho-and 424 alloparasites are intimately linked to plastid origin. Parasites that maintain a native plastid 425 are, in essence, a complete red alga in their own right, while those that incorporate a host 426 derived plastid are being pieced together with organelles from another organism they 427 remain compatible with. By retaining their own plastid, the plastid remains under the 428 same selective pressures as the rest of the parasite genome, and therefore, retains its 429 ability to function for amino acid, fatty acid, protein, and isoprene biosynthesis -all necessary functions for survival. Those parasites that retain their own plastid are 431 therefore capable of developing and functioning similar to other free-living red algae, 432 with the exception of not being able to photosynthesize. Furthermore, the maintenance of 433 a native plastid and the resulting self-reliance would enable those parasites to endure 434 through evolutionary time, successfully adapting to new hosts and speciating. This 
Origin of Parasites 451
Two hypotheses have been proposed for the origin of red algal parasites. Setchell 452 (1918) suggested that a mutation in a spore causes parasites to arise sympatrically, 453
whereas Sturch (1926) postulated that parasitic red algae start out as epiphytes that 454 become endophytes over time and increasingly rely on the host for nutrition. It seems 455 plausible that Setchell's origin hypothesis could explain the rise of the neoplastic 456 parasites, which comprise the majority of known red algal parasite biodiversity. By 457 evolving from their hosts, neoplastic parasites could more easily incorporate a copy of a 458 genetically similar plastid as their own. The adaptation of incorporating a host plastid 459 may provide a quick fix for what otherwise would have been a lethal mutation. The 460 unique parasite nucleus and mitochondrion could continue spreading from cell to cell of 461 its newly acquired host (and savior) via secondary pit connections, essentially 462 transforming the host cells as has been described Coleman 1985, Goff and 463 Zuccarello 1994) . Although providing a means of short-term survival for the newly 464 transitioned parasite, co-opting a host plastid as their own would also establish these 465 parasites on an irreversible path towards their own extinction. In order for a non-466 photosynthetic parasite to survive it must retain compatibility for other plastid functions, 467
including amino acid and fatty acid biosynthesis. Our current understanding suggests that 468 the host-derived plastid is newly acquired during each new infection, therefore, the host 469 plastid experiences one set of evolutionary pressures while the parasite nucleus evolves 470 and accumulates mutations of its own. Eventually the parasite will inevitably lose the 471 ability to communicate with the host plastid as the parasite and host increasingly become 472 genetically distinct. This leaves the parasite with two possibilities, either find another 473 host with a compatible plastid or go extinct. Alternatively, the success of an archaeplastic 474 parasite may be explained by Sturch's hypothesis. By evolving from a closely related 475 epiphyte that is able to create secondary pit connections, the parasite may retain its own 476 plastid and therefore increase its longevity and the opportunity to speciate as the parasite 477 adapts to new hosts. Therefore, what were previously viewed as competing hypotheses to 478 explain the evolution of red algal parasites, may each explain how different types of 479 parasites arose. 480 481
Conclusion 482
Following the earliest investigations of red algal parasites, two groups were 483 recognized based on morphological distinctions and they were initially separated by 484 taxonomic affiliation with their hosts , Feldmann and Feldmann 1958 , Goff 485 1982 . The use of molecular phylogenetics for evaluating evolutionary relationships has 486 altered the taxonomic framework that was originally used for distinguishing red algal 487 parasites. Distinct differences remain, however, and whether or not the parasite retains a 488 native plastid or incorporates one from its host appears to be fundamental to parasite 489 biology. We propose that the terminology for discriminating between red algal parasites 490 should to reflect these biological differences, and identifying the plastid source has 491 become substantially easier with modern sequencing technologies. Therefore, we 492 recommend applying the term archaeplastic parasite to describe those that retain a native 493 plastid throughout the infection cycle, and neoplastic parasite to those that have lost their 494 native plastid and instead incorporate a host plastid. We predict that investigations of 495 parasites that have traditionally been referred to as alloparasites in families other than the 496 Rhodomelaceae, like Holmsella and Pterocladiophila, will also provide evidence of 497 Translation; structural constituent of the 50S ribosome rpl17
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